Abstract. The distribution of heavy metal concentrations in the beach sand samples collected from 44 different locations along the Manavgat Alanya coastline of Antalya covering different coastal sandy beaches was studied. The average concentration level of these metals in the beach sand was calculated and compared to those of the Earth Crust, Sandstone, Ultrabasic Rock and the acceptable limit for Turkey in order to determine their anomalies. Heavy metal (Cr, Zn, Ni, As, Cu, Pb, Co, Mo, Sb and Cd; along with Al, Fe, Mg, Mn, Na, K, Ba, Ca and W) were determined. The elements occurred in abundance as Ca>Na>Mg>Fe>Al>K>Ti>Mn>Cr>Ba>V>Zn>Ni>As>Cu>Pb>Co>Mo>Sb>W>Cd. The sufficiency of the number of samples used from the study area is revealed by the high explanatory power R 2 = 96.9 % of the ANOVA Model. Using the box plot, it was also noted that some heavy metals such as As (in samples 1, 19, 25, 28 and 29); Mn (in Samples 23 and 39); Na (in samples 23, 24 and 45); Cr (in Sample 33) and Ti (in Sample 15) had very high anomalies. Heavy metal contents show high anomaly concentrations when compared to some background values (Earth Crust, Sandstone, Ultrabasic and Turkey acceptable limit).
Introduction
The considerable increase in the accumulation of heavy metals in the coastal environment in recent times attributed to anthropogenic activities has being of particular concern owing to their environmental persistence, biogeochemical recycling, and toxicity risks [25] , [1] , [8] , [2] , [29] . The contamination of soils and sediments by heavy metals is the most serious environmental problem and has significant implications on human health processes [7] , [17] .
Sediments act as traps for most heavy metals by forming stable complexes with sediment organic matter, carbonates, and iron (Fe) − manganese (Mn) oxides [9] , [19] . Interestingly, these metal fractions may have different characteristics in terms of mobility, toxicity, and chemical behaviour patterns; therefore, knowledge of various geochemical forms of metals is highly essential to assess the extent of contamination and the fate of metals in the aquatic system [20] .
Heavy metals also have different remobilization behaviors under changing environmental conditions [10] as well as based on their solubility, which directly influence their bioavailability [23] . It is also believed that metals in adsorbed carbonate, sulfide, and organic bonds are highly correlated to pollution and greater risk of bioavailability [11] .
At the beach, people can easily be affected by heavy metal through body contact with the beach sand and sipping of the sea water [18] . The Manavgat Alanya coastline of Antalya together with other Coastlines, especially the beach areas of not only Antalya, but all over the world are the main attraction center for many locals/tourists during the summer period, who swim and bask on these sandy beaches. In this light, in order to mitigate environmental pollution in coastal areas, it is very important to investigate the concentration their sources in the coastal areas, most especially the beach sand sediments. To determine these, the multivariate statistical analysis which is the most commonly used method to explain the geogenic and anthropogenic source of heavy metal in sediments [12] , [3] , [28] will be used; Among this method, factor analysis is often used [5] , [15] , [13] .
Therefore, the aim of this work is to 1) assess the concentration and average distribution of heavy metals by chemical analysis and, 2) assess the contamination level and statistical analysis of heavy metals in the beach sand of this coastline, for monitoring purposes.
Method and Materials Used
In this project a total of 44 beaches sand samples of 1 kg each were systematically collected at depths of 10 cm from different stations along the 60 km coastline with the use of a shovel. The samples collected were all labeled and their GPS positions noted after which they were then transported to the laboratory. The initial laboratory work was carried out in the mineral deposit laboratory of the Akdeniz University, were the grain distribution of the sample was carried out. During this process, to prevent artificial contamination, glassware used for drying the samples were washed with 10% HNO 3 and rinsed with distilled water. The beach sand samples were then dried in an oven at a temperature of 105
• C for 24 hours. The samples were then passed through a 2.00 mm sieve and the <2.00 mm collected were then homogenized using an agate mortar and pestle. Before the homogenization of each sample the agate mortar was washed with 6M HNO 3 , rinsed with distilled water and dried, in order to prevent artificial contamination of each sample. The Geochemical analyses of the samples with reference number ANK13000444 were determined at the ACME Analytical Laboratories Ltd. Chemical analysis of content made with 1EX method are given in ppm and % for a total of 41 elements. The data was then statistically analyzed using SPSS-21.0 software.
Results and Discussion
Heavy metals present in the samples in order of their abundance in ppm include the following with the minimum and maximum concentrations respectively: Cr (41 & 202), Zn (8 & 55) Comparing the quantitative distribution of the concentration of the various elements in the samples as shown in the box plot, Fig 1 , some elements have anomalies of higher concentration in some samples such as: samples 19, 1, 28, 29, and 25, have higher concentration of As; Samples 23 has higher concentrations of Mn and Na; samples 24 and 45 also had higher concentration of Na; sample 33 (Cr) ; sample 39 (Mn); and sample 15 (Ti). Note that in more than one sample these elements are also higher: Mn (higher in 23 & 39) and Na (higher in 24, 45 & 23) as presented on Table 1 .
When compared to the earth crust values [14] , Comparing the mean values of the heavy metal content of the Manavgat Alanya coastline of Antalya to the works of other studied areas as shown in Table 2 ; it shows that, compared to the Earth Crust there was a very strong positive anomaly for Ti (139. Besides the heavy metal content of the Manavgat Alanya coastline it is realized that: the average concentration of Na is higher than that of Earth Crust (1.59 folds), Sandstone (11.54 folds), Ultrabasic (9.07 folds), Accepted 26 folds) , with Ultrabasic having a very strong anomaly.
Correlation Analysis: Correlation among various metal contents of the beach sand samples as shown in Table 3 Regression Analysis: Calculations were done according to Model Summary and ANOVA and presented on Table 4 . The chemical data of the elements where on Fe and the explanatory power of the Model Summary is R 2 = 96.9%, indicating a high degree of accuracy of the chemical analysis. According to ANOVA, 20 descriptive variables (Cr, Zn, Ni, As, Pb, Cu, Co, Mo, Sb, Cd, W, Al, V, Ti, Mg, Mn, Na, K and Ca) has a high explanatory power on Iron (Fe). From this result, it suggests that, the number of samples and heavy metals from the study area was sufficient [25] , [28] , [27] .
Pearsons nearest neighbor Cluster Analysis (CA) for the elements within the samples reveals strong correlation existing between Al and K and Ba; between Zn and V, Ti and Mn; between V and Ba; between Sb and Mg; between Co and Zn, Fe and Sb; between Cu and Zn, Pb, Na, Ni and Mo; between Mo and Cu and Cr; and As and Ca. Whereas there is a moderate negative relationship between Mo and As, Table 5 and Fig 3. Cluster analysis CA is the most suitable method for determination of correlation between the variables [4] . Although CA is not significantly different from PCA, it is an alternative method used for the justification of results [12] , [28] .
Factor Analysis: Table 6 
Conclusion
From the results and discussion above, it can be concluded that the elements are in abundance as Ca> Na>Mg>Fe>Al>K>Ti>Mn>Cr>Ba>V>Zn>Ni>As>Cu>Pb>Co>Mo>Sb>W>Cd. The Model Summary and ANOVA of 20 descriptive elements (Cr, Zn, Ni, As, Pb, Cu, Co, Mo, Sb, Cd, W, Al, V, Ti, Mg, Mn, Na, K and Ca) on Fe has a high explanatory power R 2 = 96.9% which indicates the sufficiency of the number of samples and heavy metals from the study area. From the factor analysis 6 factors where retained. The first factor retained a very high ratio, 85.168%, of all the elements in the sample that were analyzed. Heavy metal contents show high anomaly concentrations when compared to some background values (Earth Crust, Sandstone, Ultrabasic and Turkey acceptable limit). From the Boxplot analysis, the concentration of some elements is anomalously high in some samples when compared to Earth crust, Sandstone, Ultrabasic and Accepted Turkey limit, such as As (samples 1, 19, 25, 28 and 29) ; Mn (Samples 23 and 39); Cr (Sample 33) and Ti (Sample 15). The locations of these samples should be further invested for its contamination content of these elements within close proximity because heavy metals with anomaly values have toxic effects. As stated earlier on, in this study area, average concentration of Ti, As, Sb, Mo, Cr, Na and Ca are higher than those of Earth Crust; average concentration of As, Sb, Mo, Cr, Fe, Mg, Mn, Cu, Ni, Co, Ni, Co, Pb, Zn, Cd, Na and Ca are higher than those of Sandstone; average concentrations of Ti, As, Sb, Mo, Cu, Pb, Na, K and Ca are higher than those of Ultrabasic; and average concentration of Cr and Na are higher than Turkeys acceptable limit. Considering the high concentration of Na and K that is shown by the samples, it is recommended that further investigation be carried out to determine the pH of the beach of this study area. 
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